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PARTICULATE SUSPENSIONS 



Tto invention relays to particulate suspensions and in partieular to the use of 
^ttvepolymericsurfactantsfcrmes^i^^ . 

' imuid vehicle auch aa or orsmic sCventa; (b) particles tha, are atleast 

wherein.heerosa-uu.cab.erno.enea entire 
of mepolymerdispersam forma a eroaa-Unked polymer with tire parudea entiappe4 tireren, 

£2^.— ~*trT2S 

^particletiomleavhrstire W formed by me polymer. 

20 Ex^eaandtttaelearlyWendedmattoeprgmempartielea^-enti^ed or 
U.elofplgmen.topol^ernaedmmeexamp.ea. 

foimed by the cross-linked polymer. 
B 4ito«betoaebin g ofUS626 2 .52wenav.foundma,e«ctiveatid,,baationof 

cations as eompamd with those diaeloaed InUS 6262.52. Such reduced 
e^tionaof^ymerampartieularlyam^leforuae^adiaperaronofan 

T ■ • ,» bs ,antiaay no organic solvent US 62621 52 is primarily concerned wrth the 
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containing an organic solvent. Thus US 6262152 is able to use an aqueous 

n toners Furthermore toners and pigments are used in a very nne y 

^LLw*™. ^tooseneeaedtostooiiisetoncn^pa^cies^ 

1 to 10 mictom)elKOunteredmagrochemical suspensions. 

^^totne^inve^on^isp^vidrfam^ofe^the 

of undergoing cross-linking reactions and 

( sosperld) in the aoueous phase capable of undergoing a cross-Hniong reachon wrth 
o S said functional groups, . 

Lpended agrocbemical is less *an 1 part of polymeric s*biUser per 5 pari* of suspended 

— «*■^« ffc «^* ,, * ,,i, ■*■■ q ^■ , ^ 
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The polymeric stabilisers used in inis mveii ... 

• ^A^tnnssesses reactive or cross^inking ability 
: etv a hydrophobic moiety and a moiety that possesses reacu 

suspension compnsnrg a hqntd phase havmg nap a ^of 

L£2 . w — — not ^ 6X0lusively of T 1 

of nndergoing cross-linking nncleophilic or condensation reactions and 
cross-linldngreaetionwithsaidfUncnonalgronps . terb -v*. 

Theratioby weight of (a) the po>ynreric s^hser prior to »«- 

I frmn 1 cart of polymeric stabiliser to 200 parts of snspended sohd (1.200) to part 
25 example ftoml part or polymen . . . M( ,. 101 An especially preftned range 

of polynreric tfabUiserper lOparts of snspended sohd (1.10) An cap yp 
„L2=10*l:W«— **- ia0 ,0l:75 - AranoofaboutLSOtsespecrally 

suspCT deo sohd is an agrochemica. active indent In view of ore teaching of 
6262152 kL sousing tat satisfactory pa^enlate snspensions may be obtatneo osmg 

surfac6 of the suspended solid without the need to provide a substan 
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• * ^ofa-n^to-tap-tosoUdpartiote. There is a clear economic advantage 

«»« lirddne of the polymeric stabiliser by reaction with the cross-linJong g 
cross-linKWg 01 ids y j , ocn ^ ar . P whilst me cross-talking may 

ri^v affect the robustness and the bioperformance of the formulation, wen 
^ mOT ^ 0f ^^ fa ^ totop rc^ofUS6 2 62 15 2^cn 

^ I ^ thereby increases the stability of the dispersion, tocreasrngthe 

.Lcehas^enpUce. ^"^^^Il* 
• «= e imVed nolvmeric surfactant is present more in the nature oi a m 



30 

the suspended soUd. 
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Typical examples of agrochemicals that are substantially insoluble in water and are 
formulated as aqueous suspension concentrates include, but are not restricted to abamectm, 
acrinathrin,ametryn,a^^^ 

bromoconazole, captan, carbendazim, chlorfenapyr, cMorothalonil, cyazofamid, cyfluthnn, 
desmedipham, diafenthiuron, dicamba, difenoconazole, diflufenican, dithianon, emamectm 
benzoate, epoxyconazole, ethofumesate, famoxadone, fenazaquin, fenamidone, 
fluconazole, fenhexamid, fentrazamide, fipronU, florasulam, fluazinam, fluometuron, 
fluquinconazole, flusulfamide, flutriafol, halofenozide, hexaconazole, imidaclopnd, 
iprodione, kresoxim-methyl, mancozeb, mepanipyrim, mesotrione, methoxyfenozide, 
, metosulam, milbemectin, napropamide, nicosul&ron, ofurace, pencycuron, pendnnethahn, 
phenmedipham, picoxystrobin, phthalide, prothioconazole, pyraclostrobin, pyrazophos, 
pyrimethanil, quinoxyfen, simazine, spinosad, spirodiclofen, sulcotrione tebuconazole, 
tebufenozide, terbuthylazine, thiabendazole, thiacloprid, thiamethoxam, tralkoxychm 
triticonazole, cyprodmil, prodiamine, butafenacil, glyphosate acid and ACCase mmbrtors 
5 such as those disclosed in European patent no 1 062 217. 

]h one embodiment of the present invention the suspended alchemical is present as 
a suspension concentrate. The scope of the present invention is not however limited to 
simple suspension concentrate formulations and includes for example suspoemulsmns m 
which a suspension concentrate containing one or more agrochemicals suspended m the 
10 aqueous phase is formulated with an oil-m-water emulsion comprising one or more 

agrochemicals contained in a dispersed oil phase. The reactive polymeric surfactant Will be 
cross-linked to stabilise the suspended solid particle in accordance with the present inventron 
and may in addition stabilise the dispersed phase of the emulsion in accordance with our 
copending apphcauon PCT/GB02/02744. It is a particular advantage that effectively the 
25 same surfactant may be used to stabilise both the suspended solid and the dispersed emulsmn 
phase, even if in one instance it is cross-linked and in the other it is not. It is to be 
understood that references herein to "an aqueous phase containing substantially no miscible 
organic solvent" does not exclude such suspoemulsions. 

The polymeric stabilisers used in this invention have three moieties - a hydrophilic 
30 moiety, a hydrophobic moiety and a moiety that possesses reactive or cross-linking ability 
with respect to the one or more substances contained in the aqueous phase of the suspension 
and capable of undergoing a cross-linking reaction with said functional group. Theythus 
functionasreactivepolymericsurfactants. When these surfactants are used with a particulate 
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the aqueous meuium, ^ linked bv reaction with the 

• i. «.oM. Ap surfactant to become cross-iinKea oy reav 

s cross-Unking substance contained (dissorveuu F 

reaction of the cross-linking moiety. A 
B.^. of these surface active - detenn^byth. 

^sitionaudquandtyoftheu-hy^^ 

varied A.eviJofaech^^ve.in.he^byM^Po^eS^ 

to adsorb on the solid surface and have fitde or bo prope«s.ty ,0 mrcelhae o 

.cm'fbnntag apolymenc sUbthserhavmg ahy P ^ ^ 

• • „ ««iiira1,tvofvinylic monomers, not being exclusively v»"j 

byPOl "rf^l ILfwmchcontam 

hydrolysedproducts, at least some ^ tocludes b om direct polymerisation and 

cross-linkhignucleopmhcorcondensationreactions mcl 

, . . followed bymodification of the polymer thus formed. 
30 polymerisation followed oym contro Ued stepwise 

For example block co-polymers can be made by (i) the contr v 

polym erisa^ 
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of snttable inrtiatton and termination processes whilst specific mitre* 

10 exemplifiedrnthespecifioanon. K„„„,hods known in the art 

h« oreoaied ftom monomers by methoos mown m 

el^mo^we^po^ee^^^^ w 

15 polymerisation temperatures, in „«„ ™„ires employment of 

clients lnaddition,the»seoffuncaonalmoriomemoftenre,unesenrplym 

agents, man . These factors have limited the widespread commercral 
protecting group chemistry. These lectors nave 

exploitation of the technologies .^nonal' radical polymerisation 

B^kcnpolymeraarenoteasUypreparedhy^nv 

20 techndogy. ^technology has heene^ve,ye^^rn 
arrange ofmonom^andnrr^onahtres, an lo^exohu^ 

eUmmated in conholled ^ ^ AKm 

-^^ to "*SJ b tti. ofCRPmedlatedhymete.ehenristey. 

r andmolecnlarweight is particularly useful for preparing bo* block and 

random graft or comorea^u v example 

TT,ic method is tolerant of monomer type ana may cw 
the present invention. This method of impurities in 

forbothstyreneandCmethVacryUctypemonomers. ATRP » also toleran 
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aad to presence of water. Furthermore to use of functional monomera often does 
notUuireproteetiWdeproteotionehemistry. Tie resultant polymers generally prov.de 
pensions of soUd particles vrithtower average particie size after mining for a set time and 
with greater robustiress toward irreversible aggregation when to po.ymer is usedatlower 
5 concentrationcomparedwimpolym^ 

US 6262152. Such polymers made by centred radical polymerisation g^emny have 

One systom for caning out ATOP is described by CocaetalinJPolymScr.PartA 
PolymChem,Von6,Um424(199 8 )«ATWemp 1 oysaCuWhaUde > v*chiscomplexeti 

„ wiu ,ti g ands(ofte„bidento.e).toforma"CuX«L»comp.ex. Halogenatod initiators are used 

^polymerisation. The Cuffi complex reversibly activates donnan, polymer chama (and to 

initiator) by transfer of to halogen end groups as shown in Scheme 1 .» 



P n -X + Cu(l)/2L — 


— P n - + Cu(H)X/2L 








monomer 



Scheme 1 

Random graft or comb copolymers can be made by (i) graft polymerisation of 
^nuiemonome^ormacmmonom^toahydrophoMcbackbone.ortorevemeofnns 

process, orby (ii) couphngpre-ibrmed hydrophobic o,hydrophuicmatoria.s of suftable 
,„ molecu.arweigh.to a poorer backbone which is a hydrophiuc or hydrophobn ^backbone, 
respectively or by (in) randomly copolymerMng macromonomers that have hydroptahc 
f^dant chains with hydrophobic monomers or copolymerising bydrophobrc 
macromonomers with hydrophilio monomers. 

The preferred preparative method for any given composition will depend on the 
25 uamreandpropertiesoftos^rtingmaterials. For example, to reactivity ratios bebveen 
ccrtammonomera may Umit to amount of a particular hydrophffic monomer tot can be 
radically cc-polymerised with hydrophobic monomers and visa versa. 

to one embodiment, to polymeric stabilisers for use in tins invention contam two 
^ofu^hydrophobicunits.wm^ 
,„ ^bfficunftswmchpmvrdecouoidsmbin^ The 
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mit or comb copolymers a»d block copolymers. 

^ «. pdymeric for use in Una invention are composed of a p.urah» of 

™yUcmonomem. Some oflhese, as discussed be,ow, con* nmcnona. groups ( cross- 

a variety of materials contained in the aqueous phase. 

^randorn^orcombcopo.yrnersnaveahy^hobic-^ne and 

LL in rvhich the hydrophobic segment contains the cross-lintang element. 

co ^emmayal^ve,ycomprisebomhydrox, 1 andc^xy,,cac 1 dcon^ 

<B «*-SZ.,-*-* preptuodpo.ymemorbyproducriond.roughpo.ymen.arion 
toasta gles^ormas^^ ^ m ^ tetadeboft ^ 

The reactive polymeric suriacxams iui ud^ 
^ or comb copolynrem, and block copolymer may be represented by the genera. 



20 formula <T) 

X 




Je 



I 



25 



whCT e ta one • represents me .aidue of an initiator group and the <*^*~~ 
Idue o, a .ernunator g^up; R. , R a*d M a* ^ 



residue of ahydrophilic initiator. 
For convenience the group 
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in formula © is referred to herein as group or unit E, the group 
L 



group 




TO in formula CD is referred to herein as group or unit G. 
• ..HnratunitsB F and G are each derived from the corresponding vinyhc 

monomer and each umt type E,F and t, my V «« units B.F and G are 

Whenmesurfiotamisarandomgraftorcombcopolymer.theumBE, 

k 7ZL<* Thenmdomgruftorcomhcnpoivmerssui^.yhaveahydrophoh.0 
^aonnyd.tnhu.ed. Th nm gr surfactant is a Mock copolymer the units F 

"backbone" and hydrophrhc arms . Wnentne , me or more 

a G are contained in a hydrophobic block iurd the units E are contented to one or more 
10 Ts^Z TheumtsFandGmaybedisposedmrandomfeahionwiunnu.e 
hydK^h^ic^Wo^ ormay be disposed as blocks of units F and G respectively within the 

Znomeriaamed^monome, eds^emonom^K.^ 

asHandY 

phenyldenvauvesubstilufeuwimac^^ 
LaphenyUenvauve^Wedwimahy^^^ 

and G respectively such that the sum of e + f + g equals 1 . 

XenL-.U.seskmedm.hearf.ha.menatureomemrh^and 

• l^-mF^ro^^onthe^ofpo^enaadonptoce^t^ 
71!L>vlP«oxide or azobisisobutyromtrile ia used me hrinahng group 
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ocmbinadon.ha end group ".••mayrcpre^.afaftcrpo^chau, 
typioal hydrophUie initiator in an ATM process has the formula n 




wherein Ais a group such as halogen, for e*amp>e bromine or oMorine ft* under 



vinylic monomer units are inserted into 



the carbon-Abond, Z is ahydropbilic group such as a 



10 



15 



C,»C afcoxypolyeftyene glyeo.orphenyloxypoiyefoy.ene glycol ^ b ^ 5 - 
2 00 or amo.ecular weight of 350 .0 10,000 and preferab.y from 350 to 4000 and -W- . -O- 
o^NA-whereinAishydrogenorC, roCaDcy.. Zispre^lyameftoxypo.yefoene 
^olgroupand-W-ispreferabiyO-. Tire residue of ure hydrophUie inmator group ( T 
thus takes the form 



(HA) 




Depending onthemefood of s^fec^n. preparation other water-solubiepotymersn.y 

J^ P ^^of S uch-W^«"^^^^^^ nK ^™° fM,d 
20 po.ymLtfoepreaenceofaxanfoogencham-^^ 

App^ 16150* (fo DeSCTTO hrc). The reagent bisC^hydro^anrhogen) 

(CH 2- R -CH2>OC(=S>S- end groups on dr. hydrophUie polymer. The end group n»y be 

W is oxygen and Z comprise the hydrophilie polymer wminating m -S-«-S>-0-<CH2-R- 
CH2>O-C0C(CH3)2Br. 



25 
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^^^^^^^^ ^ 

Alternatively, the reactive polymeric : 
a hydrophiUc initiator and a group E. 



i ui wujwii — r 

; surfactant of formula (I) may contain both the residue of 




FORMULA (HI) 



10 



units E^ta practice bowever irutiator m ^ tenninator functions may initiate and terminate 

nydrophebiebloeUcompnsn^nmUFand^.f.heteun y 

jointed to one end of the hydrophobic bloek (comprtsmgUntts FandG)w 

20 joined to a block of Units E. 

rjispreferredtatinformulaO): 

r^Cl 04*1- ^OOHorasd.mereoftead.oxybetaine; soifobaatne; and a 

"»* C *1 nV 3 C w herein each R 3 is htdependenfly H or C1-C4 alkyl or- 
quaternary ammonium salt —IN K 3 «- WI1C1C 

30 CH 2 CH 2 OHand 
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rr I the appropriate — e fnncoon carr** a oross-linKns groop) or - . *«- 
21. i ish^enandtiaph^l^ted^an.o.e.yprov^gU.e 

selectoiHiom -OH, including for example polypropylene glycol; -SH; -NHA where A is 

hvdrogen or C, to C alkyh and -COOH or a salt thereof; and 

^d.egtoopGpreferah.y^da.a.eisderivedfronrJoneorn^ 

^ — C*-- lame** and-V lathe appropr^ 

^Uvlsphenylauhan^^ahydrophohloroo^). 
^Ivisorcarries ahydrophohlc moiety Y' aelecfcd fcD ^0-0- <-S«^„H 

r^nea^^^the^S^co^at.Sea^^a^ 
g^np or altylaryl group; and -CONHB wherein B la a C 5 -C„ alkyl gtonp. 

20 monomers:- 
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DMMAEA betaineff: ^.^-^^^ -* 
wherein Rl to methyl and -X has the formula 



co 2 - 



_ ^ A ™r A . o rrrimethylaimnonium)ethyl (meth)acrylate salt ; 

rs^---^— Br, •'- >,,, " ta "* , 

halide, for example iodide or chloride 



DMMAPSAbe.aine: W H*-W--W W anmromumfcrop,.- 
,„ ^phomcadd.^hereinRltometoylana-Xhastefcnnula 
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MAOES#mono 
formula 



0^0 



s 




CO z H 

polyethylene glycol chain ad is typically tan 5 to 100, 



X 



Me 
n 



SSA: Styrene-4-sulfonic acid; 

whereinRl is hydrogen and -X has the formula 




10 ~ 3 . v - r OTmiam takes one of the above values. 

It is preferred that the moiety -X in formula © takes one 
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It is preterm that the unit F is derived ftom one or more of the Mowing monomers: 
AEMA: 2-Aminoethyl methacrylate wherein R is methyl and Lis the group 

N 

t-BAEMA; 2-(«rt-buryl»mino) emyl methacrylate where R is methyl and L is me group 

X. 



NH 2 



5 HEMA: 2-Hydxoxyethyl methacrylate, wherein R is methyl and L is the group 
OH 

DH PMA;2,3-dihy^^^^ 
(A? 

OH 

10 NaMAA# wherein R is methyl and L is the group 

cAo- 
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MAOES#: wherein R is methyl and L is the group 

X. 

S 



O" Q 

6^ ^.o 




CO z H 

PPOMA*- Polyene glycol) ? 



5 from 5 to 50 




9^H 

met hyl methacrylate urtereta R is mettiyl and Y is the group: 



wei: 



ght of 1000 whereinR is methyl and Y is the group 



H 
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PPGMA#; Polypropylene glycol) mono-methacrylate wherein R is methyl and L is the group 
wherein n indicates the degree of polymerisation of the propylene glycol and is preferably 
from 5 to 50. In general a relatively greater chain length is preferred in order to provide the 
necessary hydrophobic character. 



X 




Basic monomers such as AEMA and t-BAEMA may also be used in the form of their 
salts such as the hydrochloride salt. It will be noted that certain monomers (marked with #) 
occur in more than one group and for example have hydrophilic groups X that may if desired 
be used to provide cross linking (i.e. may also act as a moiety L). For example salts of 
L0 carboxylic acids may be used for stabilisation, when the monomers bearing -C0 2 X groups 
are incorporated into the hydrophiuc part of the surfactant. Free carboxylic acids may 
however be used for cross-linking using aziridine or carbodiimide chemistry, when the 
monomers bearing the -C0 2 H groups would be incorporated into the hydrophobic part of the 
surfactant Clearly if -CO.H is used for cross-linking it cannot be used for stabilisation. 
15 two different groups in the surfactant are capable of reacting in the cross linking 

chemistry, but have very different reactivity it is possible to use the less reactive group for 
stabilisation, for example carboxylates in the hydrophile and hydroxyls in the hydrophobe 
sections. One skilled in the art is readily able to select the conditions such that a given group 
undergoes a cross-linking reaction or alternative conditions such that it does not. 
20 Further examples of monomers which can be used to form unit E (and provide 

corresponding values of Rl and X) include 4-vinylbenzyl trimethyl ammonium chloride, 2- 
N-morpholinoethyl methacrylate, 2-methacryloxyemylphosphonate methacrylate, 2- 
acrylamido-2-methylpropane sulphonic acid, mono-mellioxy-PEO-(meth)acrylate, 
acrylamide, vinyl pyrrolidine, 2-sulphoethyl methacrylate, quaternary salts of 
25 dimethylaminoethyl methacrylate (DMAEMA) and DMAEMA at acid pHs. 

Further example of monomers which can be used to form unit F (and provide 
corresponding values of R and L) include single or mixed monomers selected, inter alia 
from amine functional monomers such as 2-aminoethyl methacrylate hyrochloride, N-(3- 
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^propyl^ethacrylan^ 

p^Lo^styrene, ^y^D^utyio acid, 3*""*-*** 

2 ^xyn^^"^' s^e.hox^xy^, 2-hydrox^- 
3-hy*,xypropy. mediate, 2-h y d I oxy-3^ox y prop,l»Cha a yla te , ** 
„ methacryloxyefcyies^hydr^^^^ . 

^.^.rnethacryioxtfpropoxy^ 

^nicacid^taim.edderiva.ivesofthesen.onome^OBcapolymensed; 

. such - giycidy! (mediate which can be convert* to reachve funchona. 
,5 groups by reaction with, for example, alkylamines 

^Lchas*-.*^^ 

^xy monomers such as 2-hydroxyemy! ntethacyiate, carboxyhc monomers such as 
m on<>-2<methacryloyloxy)ethylsucoh«uea fi dmethacryBcac 1 * 

4 erivanves wherein Y is COOR, andRisalxyl, cycioaifcyl, -*« or « 
S^yisUoxane), vinyl esters, vinyi ha,o g ens, stytene or opoonaily subshba^d 

„ ^Asnotedabove,Fo,mma W desc„besbo*ra^ 

^IdnttheunitE.K'isntedty.^-Xisa^up^O-r^ZMsahydtophdrc 

lyLeoxideunttsCCAO*. Prefexabryinarandomgraftorconrbeopotymer.Em 
ptLalisdenvedn.mmemonomermem^^^^^ 

Formula l is aenvcu copolymers because 

polymerisation (DPn) of 5-100. polymers are random graft comb p ym 
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E may be a mixture of monomers and/or macromers. 

toa^omg^orcomboopo.ymermemri.FiaasdeSnedmrbrmuiaO). LmUm. 

p^.^m^^-p^^^^^^rTrtTor 

CO^C&OH derived from tbe morromer hydroxyeuryi (meth)acrylate (where R - H or 
M^.momerpm^um^ibruaemarandom^oreombe^h^er.Lmay 

V^^ta^^.^^^- om-amaaoosa- 
^rl— ronmepbeoy.rmg^aa^Hor.OHor-NHAmwmobAra 

hydrogeno r C 1 ^,alkvl,a S mustmtedb y the S truc«me-C 6 H,-CH 2 NH ! . 

Tbe unit G may take to valuoa aa denned above in relation to formula (T>. 
^arandomgranorcombcopolymermevalueofeiapreferab.yn^O^O^for 

andinparnoularn.mO.02.0 0.20 andmeva.ueofgiafiomO.10-0.90 for oxarnpteftom 

0 13 to 0.90 and in particular from 0.50 to 0.80. 
■ somenoveian^patme graft copol^ 

incorporated herein by reference. 

Prefaced biock copolymera for uae in tbe present invention are compnaed of a 

of Jinidaun and/or hydrophffic monomen.a) E (-CHrCK'X-). adjoined to a hydrophobrc 
25 bl cck which is coarpriaed of random* or sequentially copolymer hydrophobrc 

Fonnmalwberedr.vaiueofe.f.gisl.0. The vamcof ftgisprnferabty nx>m0^.0. 

initiators used in ATRP. 

Mtocaaeofsomeofmaaboveb.ockcopolymemurebv^opbihcblockmaybe 

tatto duced ftom a macro-initiator of defined aructure [typicaUy Z-OCOCMe.Br] whrch rs 
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extended with appropriate amounts of hydrophobic (CH 2 =CR 2 Y) and cross-linking 
(CH 2 =CRL) monomers giving rise to units G and F respectively. Alternatively, or in 
addition to the above, the initiator (which may not be a macro-initiator) maybe chain 
extended with a hydrophilic monomer (CH 2 =CR lX ) to generate the hydrophilic block and 
5 thence with appropriate amounts of hydrophobic (CH 2 =CR 2 Y) and cross-linking (CH 2 =CRL) 
monomers to generate the hydrophobic block (or alternatively the groups CH 2 =CR,X, 
CH 2 =CR 2 Y, andCHaKXL may be randomly copolymerised to form graft copolymers). 

In general the monomers preferred for random comb and graft copolymers are also 
preferred for block copolymers. Units F and G comprise the hydrophobic block of the block 
L0 copolymer surfactants The value of f is from 0.01 to 0.4 and the value of g is from 0.1 to 0.9. 
The choice for Y determines the hydrophobicity of this unit of the surfactant. For instance, if 
Y is a long chain ester group such as COrffcHn and R 2 is hydrogen or methyl, this unit of the 
surfactant will be very hydrophobic. If, on the other hand, Y is COOCH 3 and R 2 is hydrogen, 
the unit is less hydrophobic. If G is a styryl unit (i.e., Y is phenyl and R 2 is hydrogen) the 
15 unit will be very hydrophobic. 

The cross-linking units F may be co-polymerised at a desired mole ratio with other 
monomers of the G unit to make the hydrophobic block. Typical ratios vary from two to 
twenty, for example two to ten units of hydrophobic monomers to one cross-linking units 
(ie theratioofgtofispreferablyfroml:2tol:20,forexamplefroml:2tol:10). The 
20 chosen ratio depends on the molecular weights and on the desired hydrophiUc-hydrophobic 
balance of the hydrophobic and cross-linking units. The structure of the cross-linking umts 
chosen also depends on the desired chemistry of reaction between the surfactant and the 
cross-linking components) contained in the continuous phase. Hydrophobic monomers G m 
general, adhere strongly to the suspended agrochemical. Methyl methacrylate is suitably 
25 hydrophobic, while butyl acrylate and styrene are even more hydrophobic. Optimum total 
molecular weight and the sizes of the blocks of the surfactants will depend on the nature of 
the monomers and on the active ingredient employed in the process. Molecular weights of 
the polymeric stabiliser in general will range from about 1,000 to about 100,000, for example 
from about 1,000 to about 20,000. Preferred molecular weights are between about 5,000 to 

30 about 50,000. 

Preferred units F for use in a block copolymer include those derived from the 

monome^hy^xye^ 

(R = methyl, L = -COzH), ( mono-2-(me1hacryloyloxy)ethyl succinate (R = melhyl, L - 
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COOCH 2 CH 2 OCOCH 2 CH 2 -C0 2 H), 2-(tert-butylamino)ethyl methacrylate or 2aminoethyl 
methacrylate (R = methyl, L = COOCH 2 CH 2 NH 2 ). 

Hie unit G may be made from one or more monomers that upon polymerisation 
afford a water-insoluble polymer that maybe strongly adsorbed to the surface of the 
5 suspended agrochemical. Examples of suitable monomers for the unit Gin a block 
copolymer include, inter alia, acrylate esters, methacrylate esters, vinyl esters, vinyl 
halogens, styrene or substituted styrenes. 

A cross-linking substance (the reaction partner) is used in the liquid continuous phase 
of a suspension of the present invention where it reacts with the appropriate functional 
10 groups on the reactive polymeric surfactant that is adsorbed on the surface of the solid 
particles. Many cross-linking chemistries are known. When the cross-linking moiety L 
carries ahydroxyl or thiol reactive group, suitable reaction partners may have as their 
corresponding reactive group, for example, isocyanate, ester or epoxide. As examples of 
further materials for suitable for reacting with crosslinking hydroxyl groups on the reactive 
15 polymeric surfactants we would mention, inter aha, divinylsulphone and glycerol triglycidyl 
ether. 

When the cross-linking moiety L carries an amine reactive group (-NHA as defined 
above) then suitable reaction partners may have as their corresponding reactive group, for 
example, isocyanate, acetoacetoxy, aldehyde, acrylate, vinylsulphone or epoxide. As 
20 examples of further materials suitable for reacting with cross-linking amine groups on the 
reactive polymeric surfactants we would mention, inter alia, glycerol triglycidyl ether, 
glycerol propoxylate triglycidyl ether, trimethylolpropane triacrylate; trimethylolpropane 
propoxylate triacrylate; glutaric dialdehyde; 2-(acetoacetoxy) ethyl acrylate and 1,4-butandiol 
diacetoacetate. 

25 When the cross-linking moiety L carries an acid reactive group then suitable reaction 

partners may have as their corresponding reactive group, for example, isocyanate, aziridine 
or camodnmide. The preferred cmss-hnkmg/partner combinations of this invention are 
hydroxyl-isocyanate, amine-isocyanate and acid-caroodiimide. The cross-linking group may 
react with more than one type of reaction partner compound contained in the aqueous phase 

30 that are capable of undergoing cross-linking reactions with said groups. The reaction partner 
may contain more than one type of functional group capable of undergoing reaction with the 
reactive cross-linking groups on the polymeric surfactant. 
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Th, nmcdonahty of the substance curtained (dissoWed or fended) toft, aqueous 

Sir.,*.— — 

substancemaybe Sir „ anm i eaaaw to r -in S olable oil disposed in m aqueous 

dispersed in the liquid medium, for example as a water ins 

• , Wvrtroxvlandamtaogmupsarepreferiedand^ 
3.y form s*b.e reacdon products. When more man one nmcuona. group on me m^rve 
, Lcdonrd. Re^onswimisoeyana.esareiUusnutedhereusmggenenes^e.ures. 

jn*«fc acid 4-vmytbenzoic aeid and iconic acid. Enhanced adsorphon to the 
carbox y emylacrybcacrd,4vu.y ^ medilim is fc, adjusted above 

BNCO+R'COaH-. [RNHCOOCOR-l^ R'CXJNHR+CO, 

Hydroxy! groups maybe introduced using enable monomers to derive the group E 
^b as^^X memacry^ and H^hydmxypmpyOmed^ryWde. Ammogroups 
Ty b e JrJLd using suhabie monomers to derive the group E such as 2-ammoe.hyi 



urethane, and urea linkages: 
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RNCO + R l SH -+RNHCO-S-R 1 thiocarbamate linkage 
RNCO + R^H -> RNHCO-O-R 1 urethane linkage 
RNCO + R'NH -+RNHCO-N-R 1 urea linkage 

m a further embodiment of the invention, the nature of the cross-linking groups may 

bealtered.orcross-1^ ** 
example, caiboxylic groups may be iminated to make polyimine combs. 

-COzH + emyleneiniine -» -C02-[CH 2 CH 2 NH]n-H 
Amine groups react with isocyanates in the manner described above. 

The reactivity of the functional group with the isocyanate influences the rate at which 
thecross-linkingtakesplace. For example, isocyanates typically react much faster wrth 
aminesthanwithalcoholsoracids. Whenhydrolytically sensitive cross-linking agents, such 
as those containing isocyanate groups, are added to the aqueous medium it is an advantage 
thatarapidreactionbetweenthe functional group on the reactive surfactant and the reactxve 
l5 comp0 und contained in the aqueous phase takes place in preference to hydrolysis. 

Multi-functional aziridines such as CX-100 available from AveciaNeoresms 
(structural formula shown below, m=3) may be used as the reactive compound contamed m 
the aqueous phase if caxboxylic acid functional monomers are incorporated mto the 
polymeric surfactant. Aziridines react with carboxy groups in their free acid but not salt 
20 forms. 

CX-100 




25 



30 



PoWC»bodiimides) such as CX-300 available from Aveoia Neoresins may also be 
US ed as the reactive compound contained In the aqneoos phase if carboxylic acid functional 
m.n.on^aremcorporatedmtottopo.ymericsnrfactant. Reaction between the carboxybc 
acid and the carboditoide is conventionally beHeved to result in three type, of products as 
Ulustiated below. The N-acyl urea and urea products are stable while the anhydride may be 
hydrolysed to two carboxylic acids. 
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j _ N =C*N-R + HOOC 



-I 



tolytel e "^"tLT^e— - dlisocyanate; 
iS ophoronednsocyai>ate ; hexane-l,<> y 3-phenyta» diisocyanate; 

methvl-l 3-phenylene diisocyanate; poly(l,4-butaneaioy p 

p^materiaimay be used to compensate for any hydn.Jys.stot may 
M desired cross-linldng reaction takes place. w for example the 

p^-f.^onsl^oncone^^ ^ ma4vmtag6otflM 
soUdtofoe presence of the aqneonsph^andasnrtahlesnrtac 
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^tav^thatthc^epol^ic sorfactan* areeffecrive <^ W *° 

^I^^-.hesusp^onof^mmedparacleintoaqueo^pha.e. 

C ^ ^IhM^ccording to a fiirther aspect of the present invention there is ^ r ° V * < ^^^^° CeSS 

rt^tiallyno miscible organic solvent which comprises the steps of 

, ^tosohdhrtopresencooftoaqueonsphaseandapoivrnenc 

uprising apiurahtv of vinvUc monomers, notheing e*c.«srve ly of vmyhc 
^orofnwhydrolysedprc^.a.leastsomeofwhichcrmtam 

tacnonal^opscapableofmrdergoing^^ 

subsequently . , 

2 r^ringsddpo.ymerics^ihserwi.honeormoresubstancescon^ed 

(dissol vedorsnspended)in» 1 ea q »e 0 nsphs S eandcepah.eofnndergo m ga 
^.linldngre^onwithsaidfhnctionalgronps 

Thesubsta.ce p ^ to ^ ^ substance capable of undergoing 

ineinven The foUowing abbreviations are used: 

percentagesarebyweightunlessotherwisestated. Thefollownrg 

AEMAHCl^-Arninoctbylmethac^ate hydrochloride; W 

CX-100- Aziridine crosslinker; Avecia NeoResins 

CX-300: PolvCcarbodihnide) crosslinker, ftom AveciaNeoResins. 

DETA: Diethylene triamine from Sigma-Aldrich 

DHPMA: 2,3.dihvdroxvpropylmefhacrylate,RolmGMBH. 

m , iPMA . 2 m ime thylamino)ethyl meihacrylate; from Sigma Aldnch. 

carried out post-polymerisation using methyl iodide. 
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(p.epared.aamodificanonoftheUteratuxeproc^ A. Mkrtchyan et al VvsokomoL 
Soedin.,Ser. B 1977, i9(3), 214-16. 

DMMAPSAbetaine: 3 -(N^Dimethyl-N<2-methaayloxyetby« ammomum^ropyl- 
sulphoric acid; from Sigma Aldrich. 

EDTA: Emylenediarninetetraacetic acid; from Sigma Aldrich. 

HEMA: 2-Hydroxyemyl methacrylate; from Sigma Aldrich. 

VOL Isophorone diisocyanate (mixture of isomers); from Sigma Aldrich. 

NaMAA Sodium salt of methacrylic acid; from Sigma Aldrich. 

MAOES: mono-2-(Methacryloyloxy)ethyl succinate; fromPolysciences Inc. 

MMA: Methyl methacrylate; from Sigma Aldrich. 

PEG MA(#):Mono-methox^ 

degree of polymerisation of the PEGchain; from Polysciences Inc. or Laporte Performance 
Chemicals. 

5 pPGMAWMcmo-metooxypolyCpropy^ 

avetagedc^of^ymens.ti.nofttePPG^fcm^PerfonnancaCh^ 

SSA: Styrene-4-sulfonic acid; ftom Sigma Aldrich. 

TDI: Tolylene diisocyanate (mixture of isomers); ftom Sigma Aldrich. 

Ahamectin: insecticide, miticide, (10E 14£16E22Z>- 

tetra memy.-2.xo-3,7«ate^^ 

tetra eae^spiro-2M5',6'-dihydro.2H-pyran>12-yl 2,6-dideoxy-4^(2,6-dideox y -3-r> 
m e*,H^^hexopyran^^^ ™*™ ° f 

isomers fr!M = («< p ' b, "y 1:iso- ' >ropyl ' 4:1) ' ,. . , 

8 Azoxystrohin: fungicide, Methyl < B)-2-2-^2cyanophe 0 oxy)pyrmridm^yloxy-phenyl-3. 

methoxyacrylate 

Chlorothalanil: Fungicide, Tetrachloroisophthalonitrile 

Emamectin benzoate : insecticide, benzoate salt of (10^,14^,16^222)- 

QR W ^1241«Wl*Wm aW21,24^ihydroxy-5 ,11,13,22- 

30 tetramefcy^^ 

tetraene^spfro-2^^ 
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trideoxy-3 -O-methyl-4-methylamino- a -L-fyxo-hexopyraiiosyl)- cc -I^arabino- 
hexopyranoside, mixture of isomers alkyl = (sec-butyl:&o-propyl, 9:1). 
Picoxystrobin: fungicide, methyl (£)-3-methoxy-2-[2-(6-trifluoromethyl-2- 
pyridyloxymethyl)phenyl]aciylate. • 

Thiamethoxam: insecticide, 3-(2-cMoro-l,3-tMazol-5-ylmethyO^^ 
4-ylidene(nitro)amine. 

Avecia NeoResins, Waalwijk, Netherlands. Laporte Performance Chemicals, Hythe, UK. 
Polysciences Ihc, Warrington, PA 18976, USA. Rohm GMBH, 64293 Darmstadt, Germany. 
Sigma Aldrich, Gillingham, UK. 

For clarity the structures of the above monomers are given as: 



This Example illustrates the synthesis of reactive polymeric surfactants by atom 
transfer radical polymerisation (ATRP). 



General synthetic procedure: 

In a typical polymerisation monomers at the required molar ratios were dissolved in a 
suitable solvent or solvent mixture (see Table 1). If the desired product was a non-ionic 
block or random graft or comb copolymer then all the required monomers were used at once. 
If the desired product was an ionic block copolymer then just the monomers for one block, 




X X X X 




GENERAL METHOD 1 
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either the hydrophilic or hydrophobic one, were used. The monomers for the second block 
were added in a second batch after the first batch reached high polymer conversion. 
Methanol-water mixtures (between 1:1 and3:l v/v) were most often used since many of the 
monomers were poorly soluble in organic solvents, e.g. AEMA.HC1, QuatDMAEMA, SSA, 
DMMAPSA betaine and DMMAEA betaine. Toluene was sometimes used if all the required 
monomers were soluble in aromatic hydrocarbons. 

An appropriate initiator was added (see Table 1). For the preparation of non-ionic 
block co-polymers this was a polymeric macroinitiator such as a mono-2-bromoisobutyryl 
mono-methoxy polyethylene glycol), abbreviated PEG-Br (#) where # is the number of 
ethylene glycol units, prepared via the literature method (Jankova et al Macromolecules, 
1998, 3 1, 538-541). For the preparation of graft copolymers or ionic block copolymers the 
initiator was a monomeric halo compound, which may be 4-(bromomethyl)benzoic acid 
(BMBA), ethyl-2-bromoisobutyrate (EtBiB) or a different monomeric 2-bromoisobutyryl 
ester (BiB-R). The amount of initiator added was dependant on the target molecular weight 
for the co-polymer and was calculated from the relationship: 
(Moles monomer)/(Moles initiator) = Degree of polymerisation of copolymer 
The target number average molecular weight, M„, for each example is given in table 1 in 
units of Daltons, Da. 

Also added was a ligand for in-situ formation of the copper complex (see Table 1). 
This was usually 2,2'-bipyridine (BPY) for polymerisations in methanol/water mixtures and 
N-n-propyl-2-pyridylmemanimine (PPMA), prepared via the literature method (Haddleton et 
al. Macromolecules, 1997, 30, 2190-2193), for polymerisations in toluene. 

The reaction solution was de-oxygenated by sparging with dry nitrogen gas for 
15-30 min before being transferred to nitrogen filled vessel previously charged with the 

> appropriate copper (I) salt to form the polymerisation mediating complex. This was normally 
copper (T) bromide, but copper CO chloride was sometimes used (see Table 1). The reaction 
was carried out under nitrogen at a controlled temperature that ranged between 25 and 90 °C 
(see Table 1) for between 3 and 24 hours. The extent of the reaction was measured by ! H- 
NMR spectroscopy. In the case of ionic block copolymers the second monomer or co- 

0 monomer mixture was added to form the second block when conversion of the first monomer 
batch exceeded 80%. On completion, the reaction solution was passed through a silica 
column and the polymer isolated by evaporating the solvents under vacuum or by selective 
precipitation in hexane or diethyl ether. For a reaction requiring the post-polymerisation 
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quaternisation of DMAEMA the reaction solution was diluted with toluene, cooled and 
filtered to remove insoluble material then the solvent was removed under vacuum. The 
polymer was dissolved in THF and 20% molar excess of iodomethane to tertiary amino 
groups added. The solution was stirred under nitrogen at 20 °C for between 16 and 20 hours 
5 and the polymer was isolated by selective precipitation into hexane. The polymer was then 
further purified by Soxhlet extraction with hexane for 24 hours followed by drying under 
vacuum at 50 °C. 

The above general procedure was used to prepare the polymeric surfactants detailed 
in Table 1 where: - 

10 Examples 1.1 to 1,3 illustrate carboxylic acid containing block and comb copolymers 

Examples 1.4 to 1.6 illustrate amine and amine plus carboxylic containing block and comb 
copolymers 

Examples 1.18 to 1.27 illustrate hydroxyl containing block and comb copolymers. 
In the column showing the proportion of the monomers used, * indicates monomers added in 
15 a second batch to form the B block of a diblock copolymer. 
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GENERAL METHOD 2 

This Example illustrates the preparation of aqueous dispersions of milled agrochemicals in 

the presence of reactive polymeric surfactants 

General Dispersion Procedure 
5 The general procedure used to prepare dispersions should not be interpreted as a 

limitation on the invention- 
Suspension concentrates (SC's) were prepared by milling the ingredients (Table 2) 

with number 4 zirconia beads in a Glenn Creston Spex 8000 shaker mill for 30 minutes. 

Typically, the SC consisted of 20% w/w solid agrochemical active ingredient in de-ionised 
10 water. The reactive polymeric stabiliser was used at concentrations of 0.5-10 w/w % with 

respect to solids (ratio by weight of polymeric stabiliser to suspended solid from 1 : 200 to 

1:10). The suspensions were assessed for particle size, the degree of foaming and the 

fluidity. The particle size was used as an indicator of the effectiveness of the polymeric 

stabiliser as a dispersant and milling aid. The quality of the dispersion of all dispersions in 
15 Table 2 was either Excellent 9 ' (E) or "Good" (G) where Excellent" describes generally a 

fluid SC with little or no foaming and a particle size of < 2-3^m; and "Good" describes a 

fluid to slightly viscous SC with little to medium foaming and a particles size of < 5jxm. 
The above general procedure was used to prepare dispersions detailed in Table 2 

where the polymeric stabiliser used is indicated by its identifying number in Table 1. In 
20 Table 2, the column "% solids" indicates the % w/w solid agrochemical active ingredient in 

de-ionised water. The column "Polymer Concentration" indicates the % by weight of the 

stabilising polymer relative to the active ingredient. The size of the dispersed particles after 

milling is given in Table 2 in microns. 

25 n.m means not measured; E=excellent; G=Good 

Table 2 



Dispersions Prepared using polymeric stabilisers prior to cross-linking 



Dispersion 
Reference 


Polymer 
(Table 1 
Reference) 


Cross-linking 
Group 


Agrochemical 


% solids 


Polymer 
Concentration 
% 


Size 
(Urn) 


Quality 
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EXAMPLES 3.1 TO 3.28 
These Examples illustrate the cross linking of the polymeric stabiliser by reaction 
with a cross-linking substance to form a particulate suspension according to the present 
5 invention. The following procedure was used: - 

Hydroxy and amine functional polymeric stabilisers were cross-linked by either (i) 
dispersing TDI in the aqueous phase of the SC, allowing some time for the TDI to adsorb on 
to the particles, then heating at 50°C for lh or stirring at room temperature for 3 hours, or (ii) 
dispersing IPDI in the aqueous phase of the SC, allowing some time for the IPDI to adsorb 
10 on to the particles, then adding diethylene triamine (DETA) to react with excess isocyanate. 

Carboxylic acid functional RPS SC's were cross-linked by dispersing CX-100 or 
CX-300 into the SC at pH £9 and stirring at room temperature for 30 minutes to achieve 
adsorption of the cross-linker. The pH was reduced to -2 and, after stirring for a further 1 
hour, a small amount of EDTA was added to react with excess carbodiimide. 
15 The above general procedures were used to prepare the dispersions detailed in 

Table 3. The quality of all suspension concentrates of the invention illustrated in Table 3 
was deemed either "excellent" or "good" where "excellent" describes a sample in which 
there was no material change in particle size or viscosity of the SC during the cross-linking 
reaction and "good" indicates that a small degree of aggregation was encountered during the 
20 cross-linking reaction, but that there was no major change to the suspension properties. In 
Table 3, the dispersion being cross-linked is indicated by its reference number in Table 2 
which in turn identifies the polymeric surfactant by its reference number in Table 1 . 
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Table 3 

Cross-Linked Suspension Concentrates According to the Invention 
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EXAMPLE 4 

This Example illustrates that the process of the present invention enhances the 
5 stability of a particulate suspension of abamectin. Samples of abamectin SC were prepared 
with the polymer from Example 1 .5, to form uncrosslinked product of Example 2.23. This 
was compared with the corresponding crosslinked polymer (Example 3.6). The SC samples 
were diluted in various concentrations of Na 2 S0 4 solution to study the SC stability. 
Sedimentation in various electrolyte concentrations and at various temperatures was 
10 evaluated to determine the stability of the suspensions under these conditions. As the 

concentration and temperature were increased, conditions were eventually reached at which 
the suspension was seen to flocculate to form gross floes. Cross-linking of the reactive 
polymeric surfactant with TDI increased the temperature at which aggregation was found to 
occur for a given electrolyte concentration. 



15 



